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Mr. Michael E. Dostert b
FAA

Propulsion/Mechanical/Crashworthiness Branch (ANM-112)
Transport Airplane Directorate

Aircraft Certification Service

1601 Lind Avenue SW.

Renton, Washington 98055-4056

RE: Docket No.//FAA-19’99-64 - N
Dear Mr. Dostert: - 4
/

This is the first time submitting anything to the FAA so please bear with me. My companies
manufacture and sell propane Safe*T*Cylinders® with Safe*T*Foil® inside them. A
Safe*T*Cylinder® is an explosion resistant fork lift cylinder. Over the years we were able to
purchase the patents and develop a couple of extra ones on our own.

The rest of my presentation explains how our geometrically expanded aluminum mesh, passive,
B.L.E.V.E explosion reduction system works, how it may help with Docket No. FAA-1999-6411,
and the advantages this system may have over inert gasses and foam.

Again, if this is not in the form you are accustomed to please accept my apologies in advance. |
really hope that your work with explosion technology can help people stay alive. I am a firm
believer that pure science is good and what is invented in one field many times has applications in
another area. This may be the case with Safe*T*Foil ®.

Thank you in advance for your consideration of my ideas.

e

George W. Kuhn
President
GWK:ps

cc: In duplicate
cf: ¢:\dd\faa\dostert1.doc
encls. Information about Safe*T*Foil®

Post Office Box 16 » Germantown, Ohio 45327-0016 «(937) 855-2081 « Fax (937) 855-2079 «(800) 551-3341
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How Safe*T*Foil® Can Prevent Ignition Sources From Being Present
in Fuel Tanks When Failure Conditions Exist

Safe*T*Foil® simply prevents a flame front from forming. The mesh creates thousands,
even millions of tiny little fuel tanks. In a flammable vapor the Safe*T*Foil does not allow
the proper requirements for an explosion to form thereby preventing them.

You fill the fuel tank with Safe*T*Foil® and as the liquid fuel is used and vapors form the
vapors are automatically in space that is filled with Safe*T*Foil® and if an ignition source
is present the vapors do not explode because of the foil.

Maintenance Considerations of Fuel Tanks Containing Safe*T*Foil®

Maintenance of Safe*T*Foil® as it is currently used in Safe*T*Cylinders® is none. In an
aircraft fuel tank situation it is my understanding that there are electrical lines, hydraulic
lines, and other items passing through the fuel tanks and that these need to be inspected
periodically.

Safe*T*Foil® can be in many shapes, sizes and/or configurations. You can have a solid
non-removal bat. You can have ball shapes. You can have cigar shapes. If however, the
solid Safe*T*Foil® forms were made in different sizes and/or shapes they could have wire
handles on them and be color coded in such a way that they could be removed for
inspections when needed and then put back in when the inspection is done.

On new aircraft the design of the fuel tanks could be improved so that not as many of the
Safe*T*Foil® forms would have to be removed each time or even at all.

How Safe*T*Foil® Minimizes the Development of Flammable Vapors in Fuel Tanks

With Safe*T*Foil® the minimization of the development of flammable vapors in fuel tanks
is just like the first requirement only stated in a different manner. The ignition sources can
be there but the sources are rendered harmless be cause the ignition source can't make the
vapors explode. In this requirement the flammable vapors can be in the tanks but the
Safe*T*Foil® prevents the vapors from exploding.

Environmental Concerns

Aluminum is already used extensively in aircraft and the increased manufacture of
aluminum would not have much of an impact. Safe*T*Foil® takes up between 2 and 3%
of an the volume in a tank but doesn't really affect the fuel efficiency. Safe*T*Foil® does
not retain any of the fuel so this is not a concern. There is a weight factor to be
considered that would make fuel consumption greater because the aircraft would being
heavier. This would have to be computed by your engineers because I have no readily
available means of performing these calculations.



Energy Concerns

As per above the take-off weight of the aircraft would be heavier and therefore would use
more fuel. This will have to be a decision made by the FAA on which method wastes the
least amount of fuel.

Impact on Federalism

I can't see that these regulations would have any profound new effect on Federalism. As
our society has evolved and become more complex there are some things that just have to
be accomplished on the Federal level. Modifications in aircraft that effect the safety of the
passengers and crews is one of those things.

Economic Impact

The economic impact of Safe*T*Foil® will have to be weighted against the value of
human life. This is a question that society, and American society, has wrangled with and
can never be completely resolved. My personal opinion is that making aircraft fuel tanks
explosion resistant is like seat belts and air bags. I may seem costly at first but it creates
jobs, creates creative thinking and saves lives.

Cost Estimates.

My cost to produce Safe*T*Foil® right now, ranges from $2.50 to $5.50 per gallon
depending on the complexity and if the installation is an OEM type installation or a retrofit
application. Testing has been completed by the Georgia Institute of Technology, the
Illinois Institute of Technology and Packer Engineering. However, there would have to be
a lot more testing done to get Safe*T*Foil® ready for aircraft use. There is also the issue
of installing the foil.

The way I understand the way things are done on aircraft the Safe*T*Foil® would be
manufactured to FAA specifications and then shipped to an airline. Once at the airline,
under FAA guidelines, employees of the airline would then install and maintain the
Safe*T*Foil®.

After everything gdt into place I feel a charge of $1.00 per gallon of tank capacity by
Safe*T*Foil® would be sufficient. I came up with this figure as follows:

In Docket No. FAA-1999-6411 you state that there are 6,000 aircraft that would be
protected. If each aircraft has an average of fuel tank capacity of 2,000 gallons this would
be a total of 12 million gallons protected. At a profit of $1.00 per gallon this would be
$12,000,000.00 gross profit from which I would have to subtract already sunk costs.
Then to protect these aircraft you would have to add in the maximum of $5.50 per gallon
for another $66,000,000.00. The next part of the cost to the airlines of installing the



Safe*T*Foil® I have no idea. But if we take your figure of $170,000,000.00 minus
$12,000,000.00 minus $66,000,000.00 you are left with $92,000.000.00. Divide this by
6,000 aircraft protected comes out to $15,000.00 per aircraft to install the Safe*T*Foil®.
If it took 5 men at $50.00 per hour to protect the fuel tanks then they would have to be
able to complete the task in 300 man ours or 60 hours per man. Based on my experience
with inserting Safe*T*Foil® forms and retrofitting tanks with Safe*T*Foil® this is well
within reason.

I also believe that after a learning curve has been taken advantage of, ordering
Safe*T*Foil® in ever larger quantities and with the help of the FAA, the airlines and the
aircraft manufacturers we could all work together to beat the $170,000,000.00 FAA
estimate.

Conclusions

I hope that you will not allow the deficiencies in my presentation to dismiss Safe*T*Foil®
out of hand for helping to make the fuel tanks safer. I have attached some copies of tests
and the patent information on Safe*T*Foil®. If there is anything else I can do or if you
would like me to come to Washington to talk with you about Safe*T*Foil® please let me
know. I can also provide samples of Safe*T*Foil® with our latest patents incorporated if
you would like. I have 13 years of information on Safe*T*Foil®. However, I know that
you are very busy and probably have literally thousands of pages of information to digest
on just Docket No. FAA-1999-6411 alone and I wanted to give you enough information
so that if you thought Safe*T*Foil® might be the answer to the fuel tank problem we
could proceed from here.

Please contact me if you have any questions or need more information.
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SAFE-T-CYLINDER

PATENTED
EXPLOSION RESISTANT
PROTECTED PROPANE CYLINDERS
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SAFE-FHOIL

NEWEST SAFETY BREAK -
THROUGH IN THE 33 LB. CYLINDER MARKET!



SAFE-T-FOIL PROTECTED LPG CYLINDER

SAFETY BREAKTHROUGH
PATENTED SYSTEM
MINIMAL DISPLACEMENT

DECREASED B.L.E.V.E.s

OPENINGS ON TOP

O \ RELIEF VALVE
® BLEEDER VALVE

The new SAFE-T-FOIL™ protected 4E D.O.T. cylinders are
the state of the art in the storing and handling of propane.

National Safe *T* Propane is the licensee for all lift truck
FOIL®technology in the U.S..

The matrix displaces less than 2% of the contents of the
cylinder.

When exposed to fire, with . ..

CYLINDER POSITION VERTICAL:

A two piece cylinder equipped with an aluminum cellular
matrix exhibited a shorter time to boil-off than the standard
two piece (4EW) cylinder.

CYLINDER POSITION HORIZONTAL:

A two piece cylinder equipped with an aluminum cellular
matrix, when compared to the two piece unprotected (4EW)
cylinder, exhibited a decrease in the tendency to B.L.E.V.E.
(explode) or catastrophically fail and an increase in the
probability of splitting.

MODEL AL-1

33 LB. FORK LIFT TRUCK
LIQUID WITHDRAWAL D.O.T.
ALUMINUM CYLINDER

l DIMENSIONS

SERVICE/FILL VALVE Height ......cccccoevveiinnn. 27 inches
Diameter .................... 12 inches
Tare Weight .................. 24 8 Ibs.

Available Only Through Our
Exclusive Sales Representative.

Available from:

National Safe *T* Propane

52 West Center Street
Germantown, Ohio 45327
(513) 855-2081
1-800-551-3341

» Safe *T* Cylinders

¢ CGX-4 Propane Additive

« Safe *T* Tow Motor Certification
* Safe *T* School

 Safe *T* File
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1

FUEL TANK VAPORIZATION AND EXPLOSION
RESISTANT APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates generally to tanks for
liguefied fuel gas such as propane or liquefied petrolevm
gas (LPG) and meihods for controliing the temparature
snd vaporizaton of the liguid fuel within the taral In s
tvriczl propane or LP@G tank there is ganera®y encoun-
te~:¢ a metllic tank member designed to contain the
fusl under pressure end having a valve at one end to
access the contents 1Her»or‘ Typically, this tank is {illed
substantially with propane or liguid petroleum gas.
During normal operation the liquid fuel is vaporized
under ambient heat to provide an operating pressure
under which the vapor is withdrawn through the tank
valve. As vapor is withdrawn the remaining liquid va-
porizes ang in so doing absorbs heat known as the latent
heat of vaporization. This causes the temperature of the
remaining liquid to decrease, which in turn reduces the
ability of the remaining liquid to vaporize. Conse-
quently,the pressure of the system continues to fall as a
result of the declining liquid temperature due to with-
drawal of the vapor. Since the heat loss due to the va-
porization of the liquid must be replaced from the heat
in the environment surrounding the container, the tank
will exhibit decreased function until the liquid tempera-
ture is raised.

In the case of fire, where heat is applied locally 1o the
tank, the liquid proximate the hot spot will boil and
increase the vapor pressure within the tank. This pres-
sure increase will quickly overwhelm any typical pres-
sure relief valve and cause an explosion. Prior attempts
to neutralize the explosion tendencies of the tank have
included providing an expanded aluminum mesh within
the tank, but this has been ineffective since it com-
presses during use and does not maintain conductive
contact with the tank shell. Likewise, it will not en-
hance the vaporization under ambient conditions since
heat is inefTiciently conducted from the shell.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide an improved fuel tank which exhibits im-
proved explosion protection while also improving the
efTiciency and operation. Generally there is provided a
closed storage vessel having a heat conductive mesh-
like interior affixed to the shell of the tank in secure heat
conductive contact. ‘

Other objects and advantages of the invention will
become apparent upon reading the following detailed
description and upon reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view partially cut away of a
fuel tank of the present invention.

While the invention will be described in connection
with the preferred embodiment, it will be understood
that it is not the intent to limit the invention to that
embodiment. On the contrary, it is the intent to cover
all alternatives, modifications and equivalents as may be
included within the spirit and scope of the invention as
defined by the appended claims.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring 1o FIG. 1 there is shown 2 fuel tank of the
type usable with the preferred embodiment of the pres-
entinvention having an cuter enciosing member 12, and

having 2fMixed 1o its one extremity & Cip pipe 14 ar-
ranged to detect the jevel of fuel in the tank when vsed
in 2 horizonial mannar, and having & fll/draw connec-
tion 16 10 provide 2ccess 1o the Higuid fuel throug!
inner tank exwensicn 17, In normz! ver foperan
liguid stored in the tank vaporizes and “:u:—,u*ve; 1r

the uppermost portion of the tank whereupon it is with-
drawn azs needed through any standard connection (not
shown) in the tank top. In conventional sysiems, the
vaporization of the liquid is dependent upon the heat
available from the external environment throuzh the
tank wall 12. Under periods of excessive use, the tem-
perature of the liquid will be reduced to a point where
this vaporization becomes limited which will in turn
limit the amount of vaporized fuel available for con-
sumption.

In accordance with the apparatus of the present in-
vention, there is provided within the tank, and particu-
larly within the liquid filled portion of the tenk, a heat
conductive member 20 arranged to conduct heat from
the external wall 12 of the tank member and distribute
the heat throughout the liquid containing portion of the
tank chamber. In the preferred embodiment of the pres-
ent invention, this filler 20 would be formed as 2 metal-
lic lattice shaped sheet rolled to conform to the confines
of the tank and adhered 10 the tank shell by adhesive 22.
Satisfactory results have been obtained with EC776
adhesive manufactured by 3M Corporation. This adhe-
sive prevents separation of the metallic filler from the
tank shell and ensures heat conductive contact.

In this arrangement the volume of the liquid filled
portion of the tank is criss-crossed by numerous metallic
foils. While the total volume of the tank is reduced to
some extent, considerable volume is retained by using
thin foils in this lattice network.

. Technically, this apparatus increases the “‘wetted
surface™ of the tank. Generally, the greater the wetted
surface of the tank, the greater the amount of vaporiza-
tion capacity of the system. Consequently, a larger
conuiner, having a larger wetied surface area, would
have a greater vaporizing capacity. By incorporating
the apparatus of the present invention, providing the
filler described above, an increase in the wetted surface
is achieved without changing the size or dimensions of
the tank.

Explosion protection is uniquely provided by this
same system which improves vaporization. When a
local hot spot occurs on the tank shell, the heat will
dissipate through the liquid and localized boiling will be
avoided. The adhesive contact of the filler to the tank
allows dissipalion of applied heat before the liquid tem-
perature rises to a boiling condition.

In a further aspect of the present invention, there is
provided a relief valve 18 strategically posmoncd
within said tank to provide its internal extremity at the
uppermost portion of the tank when the tank is used in
the horizontal mode. This cnsures that the pressure
relief valve accesses the vapor in all conditions and will
not be covered by liquid fuel. When localized boiling
does occur, the valve prevents tank explosion by releas-
ing pressure.

We claim:
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1. An improved tank apparatus for liquid fuel storage
comprising:

8 closed tank member having means for seclective

access to the contents of said tank; and

a heat conductive filler within said tank attached in

heat conductive contact with said tank member for
transmitting heat by conductien from said tank
member to the liquid.

2. Ths tank epparatus of claim 1 wherein said heat
conductive filler is Maed to portions of said tarnk mem-
ber by adhesive.

3, The tank epparatus of claim 2 wherein said heat
conductive filler comprises a metallic foil member.
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4. The tenk apparatus of claim 3 wherein said metallic
foil member forms a lattice configuration.

5. The tank epparatus of claim 3 wherein said metallic
foil member is comprised of a rolled lattice sheet confiz-
uration. .

6. The tank apparatus of ciaim 3 wherein szid metzllic
foil member is comprised of muitipls leyzrs of a izttice
sheet configuration.

7. The tank zpparatus of clzim 3 furher comprising 8
pressure relief vaive positionad et ore side of said tank
end hzving an internel exiremity thereol projecting
toward the uppermost portion of said tank.

] . L] L ] E
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Generzlly there is provided 2 LPGC fuel delivery svistenm
hzving a tznk coniaining 2 thermelly conduziive mesh
filler achered to the tank wells by a therm
tive zdhesive. A vepor drzw fue] line is f
20k 10 a pressure reguiztor znd then 10 th reter
of the engine. The tenk 2pperztus mesh insert is 2 meazal

process, whare the slits are expanded 1o provide cpan-
ings with transverse sices. When the sheet is rolled or
combined with other sheets, it functions to thermally
contact the adjacent laverss and the tank walls. Ambisnt
heat zbsorbed by the tank wall is tansferred through the
acdhesive 10 the filler and is distributed 10 the fuel 10
csuse a consisiant high veporization and generate pres-
sure.

14 Claims, 2 Drawing Sheets
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LP-GAS CARBURETION SYSTEM APPARATUS
AND METHOD
INVES

BACKGROUND OF THE "TION

1. Field of the Invention

This invention relztes generally 1o internal combus-
tion enginss and the carburetion znd fuel systams re-
quired therefor. More particularly, this invention re-
Jztes to improvements in the methods and apparatus for
the use of LP-Gas, such as propene, in iniernal combus-
tion engines used with vehicles. Even mere specifically,
this new method and 2pparatus improves the zbility of
the fuel system 10 generate a'vepor and meaintain the

requisite vapor pressure in a fuel line through improve. *

ments in the tank Jesign.

2. Description of the Prior An

LP-Gas (liquid petroleurn gas) has been available 2nd
has been used 2s a fuel for internal combustion engines

since the early 1900, following the development of 2

propane and butane. LP-Gas vaporizes at 2 Jower tem-
perature than gasoline and is therefore handled differ-
eatly; it is kept under a higher pressure, drawn from the
ank 2s a hquxd and then vaporized prior 1o injection
into the engine. Since LP-Gas vaporizes at a low tem-
perature this vaporization tendency has created quite a
problem; 2s long 2s the Jow temperarure and high pres-
sure remain in balance, the fuel will remain 2 liquid. But
when the pressure drops—such as when vapor is with-

drawn or when fuel is withdrawn 100 rapidly—then the 3

remaining fuel boils and causes the temperature to drop,

o “freeze” the fuel supply system. To help avoid this
difficulty, the technique currently in use in LP-Gas
systems is to withdraw the fuel as a liquid, maintain the
fuel in the liquid state until reaching the engine vicinity,
and then vaporizing the fuel.

Because LPG fuel is clean burning a functional LPG
system presents an attractive alternative to gasoline. In
a gesoline system it is well known t0 withdraw the
liquid fuel from the tank and thea to crsate 2 fine mist at
the carburetor. Then typically the fuel will substan-
tally, though not entirely, vaporize when entering the
intake manifold. In this regard especially, propane has
bezsn considered superior because it will vaporize more
casily and more completely. The ne=d for cold starting
aids is eliminated and it mixes well with air for a ¢cleaner
and more ¢fTicizat combustion. The overall result, 0
the extent the propane system is feasible, is an environ-
mentally preferred fuel.

Propane fuel tanks differ from gasoline tanks in that
they are designed with heavy gauge stesl to withstand
the high pressures. The usual propane system also em-
ploys a pressure relief valve, a manual shut-off valve on
the fuel line, a filler valve and guages. Since the fuel
system is maintained in a pressurized condition, no fuel
pump is used. The key to the prior systems, however, is
the vaporizer-regulator. A good discussion of the vapo-
rizer-regulator and the state of the art in LP-Gas fuel
delivery systems is provided in the publication LP-GAS
CARBURETION available from the National LP-Gas
Association (NLPGA) located in Oakbrook, Ill.

The vaporizer-regulator used in LPG systems acts to
vaporize the liquid fuel before directing it into the in-
take manifold. This device is used 10 avoid injecting the.
liquid drawn from the tank directly into the engine.
Drawing vapor, as an alternative, has besn avoided as
being unreliable since the vapor pressure varies greatly
with the ambient conditions and drops quickly when
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the vapor is drawn off, theredy render
nopc."t:\: Angd injecting liguid into t

¢en 2voided since it interfzres with the en
tion. The prior ar1 sojution is the Jocation ofc va
near the carouretor. Tais veporizer is :ompcs

chamber into which the liguid fusl is fed undsr w2k
pressure and around which there are provided heaiing
ceils. Heated coolent {rom the sngine cooling sysiem is
circulated through the coils 1o hzat the chamber. B-"c
entering the veporizer chambder, howsver, the fuel i
{irst passed through 2 pressure reguiztor 1o reducs the
pressure 10 a value more acceptadle 10 the engine—tvpi-
cally 10 psi—znd such regulator may also employ 2
vacuum controlied fusl shutoff. Such a regulzior is
described in U.S. Pat. No. 2,775,581 and is availzble
from Beam Produc:s Mfg., Co.

Under cold operating conditiens or high fuel dzmand
requireraents, the abeve described prior art appa.an.s
will encounter 2 drop in fuel line pressure and a freszing
of the fuel lines 2nd of the sysiem. This limit on the
operability of the LPG system is partially responsidle
for its limited popularity; it limits the ambient tempera-
tures in which it can be operated 2s well 25 limiting the
size of the engine and power available. Moreover, the
vaporizer device itself has contributed to the higher
expense of the LPG system. Prior to the present inven-
tion no a2pparatus has been proposed for inexpensively
vaporizing the LPG and eliminating the vaporizer de-
vice. Perhaps most imporiantly is that no apparatus has
been proposed which allows for the high volume with-
drawal of vapor from the tank without the risk of a
critical pressure drop and a freeze up of the system.

SUMMARY OF THE INVENTION

Accordingly, it is a principal object and purpose of
this invention to provide an improved LPG fuel system
for internal combustion engines and particularly those
used in vehicles.

It is a further and more specific object to provide
such an improved system which functions 1o maintzin
the fuel vapor pressure at accepieble levels under a
wide variety of fluctuzting ambisnt conditions.

It is yet a further object of the present invention to
provide means for vaporizing the fuel without the use of
an expsnsive vaporization device such as that which has
be=n known to the prior an. '

In vet a further advantage it is an object of the appa-
rarus empioyed with the present invention to provide
explosion supression characteristics while at the same
time improving the thermal capabilities of the tank ap-
paratus.

Generally there is described herein a LPG fuel syvs-
tem consisting of a tank having a thermally conductive
insert of a mesh material adhered to and thermally con-
nected to the tank walls. This functions 1o draw the
ambient heat from the side walls into the LPG fuel 10
cause vaporization at a higher rate for given ambient
temperatures, to thereby maintain the vapor pressure in
the fuel line at a consistantly higher pressure. This
vapor line is then fed to a pressure regulator, then to the
air-fuel mixer (carburetor), and then to the intake mani-
fold for combustion.

The mesh insert of the tank apparatus employs, in the
preferred embodiment, a metwal lattice formed from a
thin aluminium sheet by a slitting process in which an
array of slits are arranged across the sheet. Once slit, the
sheet is pulled 10 expand and to open the slits to thereby
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provide openings with transverse sides; and when com-
bined with other shests, or rolled, the lattice functions
10 thermally contact adjacent lavers as well 25 the tank
walis while only partially filling the tark void. The fuel
in the tank circulzies through the interstices of the Jat-
tice where it is in contact with the thermally conductive
mesh. Ambient heat is absorbed by the tznk wall and
transferred through a thermelly conductive adhasive 10
the mesh insert where it is distrituted to the fuel. Vepor
under pressure is thereby made available 1o be drawn
off the top on demand and piped to the regulator with-
out risk of loss of critical pressure or fresze-up of the
system.

Other objects and advantages will become zpparent
upcn reading the following detailed description and
upon reference 10 the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 is a block diagram of the prior art system
ernploying the LPG fuel system for an internal combus-
tion engine. This drawing show's the prior art relation of
the tank, the conduit for liquid draw, the vzporzer-
regulator, and the engine carburetor.

FIG. 2 is a block dizagram of the apparatus, svsiem
and method of the present invention showing the tank
with a therrsally conductive insert adhered within the
tank and providing a vapor draw conduit to a presstre
regulator.

FIG. 3 depicts the tank of the present invention hav-
ing a thermally conductive insert formed to provide a
lattice within the tank which is adhered to the walls of
the tank by a thermally conductive adhesive.

FIG. 4 is a view of the lattice sheet of the mesh insert
of the tank apparatus showing the plurality of varied
sized openings in accordance with a further feature of
the invention.

While the invention will be described in connection
with 2 preferred embodiment, it will be understood that
it is not our intent 1o limit the invention to that specific
embodiment. On the contrary, it is our intent to cover
all alternatives, modificauons and equivalents 2s may be
included within the spirit and scope of the invention as
determined by the claims.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Turning first to the prior art system shown in FIG. 1,
there is depicted a LPG fuel system feeding liquid fuel
from a tank 12, via a conduit 14, through a lock-off
valve 16, 10 a vaporizer-regulator 18. From there the
vaporized fuel is directed to the carburetor 20 and en-
gine 22.

The tank 12 is shown in its usual configuration, hav-
ing a partial volume of liquid 24 and a superimposed
volume of vapor 26. This vapor is generated as a natural
result of the surface evaporation of the fuel in the tank,
and is dependent on the temperature of the fuel. This
functions to pressurize the system and force liquid fuel
to the vaporizer-regulator. When the fuel is withdrawn,
the pressure in the tank and in the fuel line drops, thus
limiting the volume demand that can be placed upon the
sysiem. Withdrawal of fuel at too high a rate causss the
pressure to fall to a level at which the vaporizer-regula-
tor will not receive enough fuel 10 allow normal opera-
tion. At the same time the temperature of the tank and
the temperature of the remaining liquid fuel drops to an
extremely low temperature. As a result the system be-
comes temporarily inoperative until the pressure and
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temperzture slowly rebuild. This fuctuation of the pres-
sure znd temperature is 2iso responsisle fer the ob-
served ingbility of the sysiem to fully dischzrge i
tank, since as the liquid level Zrops the propensity of th
fuel 1o d=velop its vepor pressure declines.

The fuel system in a2ccordance with the pressnt in-
venton is shown in FIG. 2 wherein 2 thermally absor-
bant tank 30 is employed o czpture ambient heat 2nd
trensmit this heat throughout the licuid fuel. As 2 rasuir,
consist-
ant znd dependable, znd which dossn't fluciuzte as
redically with fuel withcrawal. The vapor is drzwrn ofT
through conduit 32 and fed to the engine 34 through a
manual or solenoid cornirolled lock-off valve 36 znd 2
pressure regulator 38. This pressure regulztor may be
provided with a vacuum controlled shut-off through
vacuum line 40 leading {rom the carburetor 42 Sack 10
the regulator in accordance with prior practice, 10 ciose
the fuel line when the engine stops.

In accordance with the preferted embodiment of the
invention there is shown in FIG. 3 a tank having side
walls 50 and a therrcal mesh insert £2. This insert is
ccmpesad of 2 filler mass of 2 lattice construction whigh
partially fills the volume of the tank while zllowing
space within its interstices for the fusl. A roll or stack cf
these lattice sheets is then formed into the shape of the
tank (FI1G. 3) and the essembly is adhered to the tank
walls with a thermally conductive adhesive 34. An
adhesive known as EC776 availzable from 3M Corpora-
tion has been used succeassfully and is resistant 1o degra-
dztion by the fuel. A more detailed description of this
filler mass and the function of the thermal adherence is
provided in U.S. Pat. No. 4,673,098 issued 10 on of the
inventors herein.

The filler insert may be constructed of a slit sheet of
thin metallic material, wherein the shest is provided
with an array of slits across its surface expancdabie into
an array of openings 60 (FIG: 4). The expansion is ac-
complished by pulling the sheet at its periphery to open
the slits into 2n array of diamond shaped openings. In
such a lattice, transverse sides 62 are thersby cr

he
e
ha

created
around the openings and are generally presentad at an
angled or inclined disposition relative to the zpparent
surface of the sheet. When such shests are stacked or

25 rolled, they will invariably nest together and their 2fTec-

-tiveness is dramatically reduced as a result. Some previ-
ous artempts at preventing such nesting have rasulted in
fan folded configurations and reversing of lavers; but
the formation of such inserts are naturally expensive
and time consuming. In order to provide an eccnomical
vet efTective anti-nesting technique, there is utilized
herein a method of creating an array of slits and cpzan-
ings of varying size, such that the openings (and their
inclinsd sides) will not “match up™ when layersd. This
may be accomplished by alternating various sized open-
ings (60, 64), as shown, or creating a pseudo random
array of multi-sized openings. In another version, dual
sheets designed to be rolled or stacked together may be
manufactured with one sheet having openings of one
size and the other shzet having opeaings of another size
to thersby prevent the match up of the side walls of the
openings.

From the foregoing description it will be apparent
that modifications can be made to the apparatus and
method for using same without depanting from the
teachings of the present invention. Accordingly, the
scope of the invention is only 10 be limited as necessi-
tated by the accompanying claims.
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We claim:
1. In a LPG fuel system for a2n internal corsbustion
engine an improved fuel delivery apparatus comprising:
a tank member having thermally conductive walls
and a thermally conductive filler insert in ther-
mally conductive contact with said walls;

conduit means connected to s2id tank member for

drawing vapor thersfrom; and

a pressure regulator connected 10 said conduit means
for receiving vapor from said tank member and
delivering vapor under 2 controlled pressure there-
from to the engine.

2. The fuel delivery apparatus of ¢clairn 1 whersin said
thermally conductive filler insert comprises multiple
layers of a metallic lattice shest.

3. The fuel delivery apparatus of claim 1 wherein said
thermally conductive insert is adhered to szid tank
walls.

4. The fuel delivery apparatus of ¢laim 3 wherein said
adhesive is thermally conductive.

5. The fuel delivery apparatus of claim 3 whersin szid
thermally conductive insert is comprised of a roll of a
metallic lattice sheet.

6. The fuel delivery apparatus of claim 5§ wherein said
metallic lattice sheet presents an array of openings of a
plurality of sizss.

7. The fuel delivery apparatus of claim 6 wharein said
metallic lattice sheet is formed by slitting said sheet and
expanding the openings.

8. A vaporizing tank apparatus for a LPG fuel sysiem
for an internal combustion engine comprising:

a tank member having thermally conductve walls;

a thermally conductive filler in thermally conductive

contact with said tank walls, said filler having a
lattice structure and formed to substantially con-
form to the shape of the tank, wherein fuel is al-
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lowed to cirzulate within the interstices of the
lattice; 2ad -

means for drawing veporized fuel from said tank.

9. The vezporizing tank zpparatus for a LPG fuel
system for an imternal combusiion engine of claim 8
wherein said filler is comprised of multigle layers of a
me:zllic lattice shest,

10. The vaporizing tank zpparatus for a LPG fus!
system for an internal combusiion engine of claim 9
wherein said thermally conductive filler is achered 10
s2id tank walls witk a thermally conductive adhesive.

11. The veporizing tank apparatus for 2 LPG fuel
sysiem for 2n internal combusiion enzine of claim 10
wherein said metallic lattice shest presents an array of
openings of a plurality of sizes, and wherein sa2id mezal-
lic lattice sheet is formed by slitzing a thin foil sheet and
expanding said slits into said openings.

12. A method of supplying veporized LPG fuel 10 2n
engine compnsing the steps of:

forming a thermally conductive filler from lavers of

metallic lattice shest;

adhening said thermally conductive filler within a

tark member having thermally conductive wealls,
said filler being arranged in thermally conductive
relation with said walls;

drawing vaporized fuel from said tank.

13. The mzthod of supplying vaporized LPG fuel 10
an engine of claim 12 wherein said filler is adhared to
said tank walls with a thermally conductive adhesive.

14. The method of supplying vaporized LPG fusl to
an engine of claim 13 wherein said metallic lamtice shest
presents an arrzy of openings of a plurality of sizes, and
wherein said metallic lattice shest is formed by slitting a
thin fed shest and expanding said slits into said open-
ings.

L] s [ s s
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(57 ABSTRACT

Generally there is provided an expanded foil sheet hav-
ing 2n array of openings in a pattern exhibiting 2 plural-
ity of dimension, which sheets are rolled or stacksd,
such that juxtaposed cpenings differ in dimension, 10
form a thermal filler mass for a tank. Altzmmatively, two
or more foil sheets, each exhibiting openings or 2 pat-
tern of openings of dimension difTering from the open-
ings of adjacent sheets are combined in a roll or siack 10
form the filler mass. Finally, in 2 further {eaturs, the
filer mass is adhered to the tank wall.

6 Claims, 2 Drawing Sheets
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FUEL TANK VAPORIZATION AND EXPLOSION
" RESISTANT APPARATUS AND IMPROVED
FILLER MASS .

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to tanks used
for flammable or explosive fluids such as fuel tanks,
including gasoline, diesel fuel, and LPG gas; and partic-
ularly this invention relates to tanks employing a filler
mass insert 1o aid thermal distribution to suppress explo-
sion or to boost vaporization.

2. Description of the Prior An

In a typical tank application, such as a propane or
LPG twank, there is generally encountered a metallic
tank wall designed to conuain the fuel under pressure,
with associated valves and connections at one end to

access the contents thereof. During normal operation of
5

a vaporization system the liquid fuel vaporizes in the
tank under ambient heat to provide an operating pres-
sure under which the vapor is withdrawn through the
tank valve. Consequently, the pressure of the system
falls as a result of use and the tank will exhibit decreased
function until the liquid temperarure is raised.

Similarly, in liquid fuel applications, where heat is
applied locally to the tank (such as in a fire), the liquid
proximate the hot spot will boil and increase the vapor
pressure within the tank and possibly ignite. Prior at-
tempts to neutralize the explosion tendencies of the tank
have included providing an expanded aluminum foil
mesh as a filler mass insert within the tank.

Improvements in filler mass design have been di-
rected to preventing nesting of the mesh by reversing
alternate layers in a roll. Nesting occurs where the mesh
parttern of adjacent layers seutle against each otherin a
mating relauon. This anti-nesting system is described in
the 1979 patent issued to Szego, U.S. Pat. No. 4,149,649,
as applied to explosion suppression in fuel tanks, al-
though the technique had besn emploved for many
years prior in the filter industry. This filter application
has been the principal use of such expanded foil. Even
with the anti-nesting technique of Szego, the foil mesh
collapsed and compressed during use and its effective-
ness diminished. Recently, U.S. Pat. No. 4,673,098,
issued to Fenton et al.,, dramatically improved the ther-
mal conductivity and reduced the compression ten-
dency by using adhesive 10 secure the filler mass within
the tank. Notwithstanding these developments the need
continued to exist for the development of a filler mass
and tank apparatus design which would be more eco-
nomical to manufacture, allow for greater fuel volume,
and provide greater thermal distribution. .

SUMMARY OF THE INVENTION

It is accordingly a principal objective of the prasent
invention to provide a tank apparatus with a filler mass
insert which causes a minimal reduction in tank volume;

It is a further objective to provide a filler mass for a
fuel tank which doesn't nest, yet is economical to manu-
facture; and

It is finally an objective of the improved filler mass
insert 1o provide increased thermal transfer through
better interstitial flow.

Generally there is provided in a first embodiment an
expanded foil sheet having slit formed openings of vary-
ing dimensions, which sheet is rolled or stacked to form
a filler for a tank. In a2 second embodiment, two or more

40
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foil sheets are formed, with each sheet baving an array
of openings but differing from one sheet 10 the next in
the dimensions of the openings. These sheets would be
rolled or stacked and inserted as a filler mass for 2 tank.
Finally, in a further feature, the insert is achered 10 the
tank wall by use of a thermally conductive adhesive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view of a roll of two shes:s of
tbermally conductive foil, each sheet having an array of
openings but differing between them in the dimensions
of the openings.

FIG. 2is a cross sectional view of the paired shee:s of
FIG. 1 showing the relationship of the foil sheets and
the raised periphery of the openings.

FIG. 3 is a perspective view of a tank apparatus em-
ploying the filler mass of FI1G. 1.

FIG. 4 is a perspective view of an alternative design
of a single sheet of foil for use in the filler mass of the
tank apparatus, said foil having an array of openings of
various sizes thereon.

While the invention will be described in connection
with a preferred embodiment, it will be understood that
we do not intend to limit the invention to that embodi-
ment. On the contrary, we intend to cover all alterma-
tives, modifications, and equivaients as may be included
within the spirit and scope of the invention as defined
by the appended claims.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Turning first to FIG. 1, there is shown the construc-
tion of a filler mass in accordancs with the present
invention for insertion within a tank as depicted in FIG.
3. Thus filler comprises a roll 12 of expanded foil mesh.
The actual construcuon of this mesh is commonly
known in the art and involves the placement of a plural-
ity of slits in a sheet of thermally conductive foil, such
as an aluminum foil, and the pulling of the sheet to
expand the openings. In the manufacture of the she=t, an
array of slits of predetermined dimension establish the
dimension of the openings produced when the sheet is
pulled and expanded.

In the first embodiment, a first sheet 14 is provided
with spaced slits and thereby specifically cimznsioned
openings 16 when expanded. A second shest 18 is simu-
larly provided with spaced slits and resulting dimen-
sioned openings 20 when expanded. When the foil 1s
expanded, a peripheral edge 22 results and projec:s
transversly 1o the plane of the sheet. (see FIGS. 2 and 4
for example). In accordance with the present tnvennon,
the openings 16 in the first sheet are designed 1o de
larger or of a different shape than the openings 20 of the
second sheet. This results from the modification of the
slit pattern when preparing the foil sheet. With this
mismatch of dimension (size or shape), the second shest
18 overlies the first sheet 14, as shown in FIG. 2 ang,
consequently, the sheets cannot nest into a2 mating rela-
tonship. As a result, the spacial separation of the two
sheets is maintained when the sheets are combined into
layers, yet the sheets do not need the further expensive
processing of folding or reversing to accomplish the
anti-nesting effect.

Once stacked or rolled, the filler mass is inserted into
a container 40 (FIG. 4), such as a metal tank, having
thermally conductive walls 42. The filler is acapted to
conform to the container and is preferrably secured to



3
the walls by adhesive 44. Satisfactory results have been
obtained with an adhesive known 2s EC 776 manufac-
tured by 3M Corporaton. This adhesive promotes ther-
mal conduction, prevents separation of the filler mass
from the container and resists the corresive action by
the tznk conteats.

In vet a further embodiment, the filler mass is manu-
facrured from a single sheet 50, with an array of open-
ings having differing dimensions arranged across the
sheet. When the slits in the foil are arranged to generate
regular diamond shaped openings as depicted, this pro-
vides a parntern of small and large sized openings 52 and
54, respectively, and provides a corresponding pattern
of projecting periphery. When coiled or siacked with
other shests, the relationship between adjacent layers is
adjusted to juxuapose the differing dimensioned open-
ings to avoid nesting.

With both embodiments due to the enlarged opening
size in the combination, thermal convection through the
filler is increased with a resulting umprovement in the
efficieacy of the apparatus. Moreover, the enlarged
openings increase the available fuel volume and recuce
the cost of materials and costs of manufacturing of the
filler mass insert.

From the foregoing description, it will be apparent
that modifications can be made to the apparatus and
method for using same without departing from the
teaching of the present invention. Accordingly the
scope of the invention is only to be limited as necessi-
tated by the accompanying claims.

We claim:

1. A thermally conductve filler mass insert for a

container comprising multiple layers of.thermally con-*

ductive sheet, each of said layers having a plurality of
slit formed openings defined therein, the periphery of
said openings forming edges projecting transversely 1o
the plane of said layer wherein said insert comprises a
stack of interleaved layers, wherein each of said lavers
exhibifs an array of a plurality of openings in a panem
exhibiting a plurality of dimensions, said layers Seing
arranged to juxtapose openings of differing dimensicn.
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2. A thermally conductive filler mass insert for a
container comprising multipie layers of thermally con-
ductive sheet, each of said layers having a plurality of
slit formed openings defined therein, the periphery of
said openings forming edges projeciing transversely 1o
the plane of said layer wherein s2id insert comprises a
roll of a single sheet, said roil producing multiple layers
of said shest, wherein each of szid lavers exhibits an
array of & plurality of openings in a pattern exhibiting a
plurality of dimensions, and wherein said layers are
Tanged to juxtapose openings of differing dimensions.
3. A conuainer of thermally responsive fluids compnris-
ing a thermally conductive container wall, a thermally
conductive fliler mass inert within said walls and in
therral contact therewith, said insert comprising multi-
ple layers of thermally conducuve shest having slit
formed opeaings therein, the periphery of said openings
being arranged to project transversely to the plane of
said sheet wherein each of said lavers exhibits an array
of a plurality of openings in a patiern exhibiting 2 plural-
ity of dimensions, wherein said insert comprises 2 stack
of interleaved lavers, and wherein said lavers are ar-
ranged to juxtapose openings of differing dimensions.

4. The container of claim 3 further comprising ache-
sive means for adhering said insert to said ccntainer
wall.

5. A container of thermally responsive fluids compns-
ing a thermally conductive container wall, a thermally
conductive filler mass insert within said walls and in
thermal contact therewith, said insert compnsing @ulu-
pie lavers of thermally concuctive shest having siit
formed openings therein, the periphery of said openings
being arranged 1o project transversely to the plane of
said shest wherein said insert compnses a roll of a single
sheet, said roll producing multiple layers of said shest,
wherein each of said layers exhibits an array of 2 plural-
ity of openings in a pattern exhibiting a plurality of
dimensions, and wherein said layers are arranged 10
juxtapose openings of differing dimension.

6. The container of claim 3 further comprising 2che-
sive means for adhering said insert to said container
wall :
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(57) ABSTRACT

Generally there is provided an exterior tank shell, typi-
cally of aluminum composition, having as an interor
shell a layer of a stiff and sirong material. such 2s alumi-
num oxide or a fiber/resin composite, applied 10 the
inside surface of the shell. A thermally conductive mesh
filler insert is firted within the tank and secured to the
inner shell layer with adhesive.

8 Claims, 2 Drawing Sheets
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1

EXPLOSION RESISTANT FUEL CONTAINER
APPARATLUS

This application is a continuation-in-part of Ser. No.
07/391,237, filed Aug. 9, 1989, now 2bandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to fuel tanks
used for flammable or explosive fluids such as gasoline,
diese] fuel, and LP-Gas; and more particularly this in-
vention relates 10 tanks employing thermal distribution
1o suppress explosion. This invention further relates to
improvements in such apparatus for use with light-
weight transportzble tanks, and more precisely with
aluminum tanks, which tend to Jose structural integrity
under high heat.

2. Description of the Prior Art

In a LP-Gas fuel tank application there is generally
provided a meallic tank wall designed to contain the
fuel under pressure. This tank is typically of sieel com-
position for stationary applications and further includes
associated valves and connections at one end for access
10 the contents thereof. When the tank is in a heated
environment, such as in a fire, the liquid proximate the
hot spot will boil and eventually ignite, with a resulting
explosion. Prior antempts to neutralize the explosion
tendencies of the tank have included providing an ex-
panded aluminum foil mesh as a filler mass insert within
the tank. Such a system is described in Canadian Patent
No. 736,802. The container is filled with a mesh which
divides the con:ainer into many small cell-like compar-
ments, and through thermal contact with the mesh the
fuel transfers the heat away from the “hot spot” to
delay the local rise in temperature—and delay the ex-
plosion.

Improvements in tank design have recently been
directed to preventing nesting of the mesh insert by
reversing alternate layers in a roll. Nesting occurs
where the mesh pattern of adjacent layers sertle against
each other in a mating relation. A recent anti-nesting
system is described in U.S. Pat No. 4,149,649. Even
with the anu-nesting technique of the prior art, the
lightweight foil of the mesh tended 10 collapse and
compress and its effectiveness diminished during use;
this is particularly true for transpontable containers, and
vehicular fuel tanks. Recently a new technique de-
scribed in U.S. Pat. No. 4,673,098, issued to Fenton
et.al, dramatically improyed the thermal conductivity
and reduced the compression effect. This method used
a thermally conductive adhesive to secure the filler
mass within the tank. This kept the filler structure intact
and yet facilitated the thermal transfer to the liquid
from the adjoining tank surface.

In the vehicle tank industry and in the design of trans-
poruable tanks, weight is of high importance and tanks
of aluminum composition have been utilitzed. Unfortu-
nately, the aluminum tank wall] tends 10 melt at such a
low temperature that its structural integrity is quickly
lost in a fire. Atnempts to insulate or coat the outer
surface of such tanks have proved satisfactory inasmuch
as the coating does not remain sufficiently intact to
produce reliable results.

SUMMARY OF THE INVENTION

It is accordingly 2 principal obj.e::t fo the present
invention to provide an explosion suppression tank ap-
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paratus with a filler mass insert which is functional with
transporiable containers and vehicle tanks.

Itis a further object of the invention 10 provide such
a tank apparatus with a filler mass for a fuel tank which
prevents nesting, provides increased thermal transfer
through berter interstitial flow, but vet is economical 10
manufacture.

It is finally an object of the present invention 10 pro-
vide a lightweight internal shell laver which in one
aspect exhibits thermal transfer 10 delay explosion in a
fire but also temporarily contains the fue] during limited
failure of the outer shell.

Generally there is provided an outer shell, tyvpically
of aluminum composition, having an inner shell com-
posed of a laver of strong, stiff and thermally conduc-
tive material adhered to the inside surface of the outer
shell. The inner shell laver may be 2n aluminum oxide
layer or of 2 hydrocarbon compatible fiber and resin
composite. In one embodiment a layer of thermally
conductive adhesive is applisd on the inner surface of
the inner shell and a mesh insert is fitted within and
secured to the inner shell with the adhsasive. In another
embodiment the resin of the fiber/resin composite acts
10 adhere the inner shell layver to the outer wall and 10
secure the mesh insert to the inner shell laver.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a partially cut-away perspective view of the
tank apparatus in accordance with the present invention
employing a filler insert secured therein.

FIG. 2 is a cross sectional view of the layers of FIG.
1 proximate the tank wall.

FIG. 3 is a perspective view of a shest of expanded
foil used in forming the filler insert of the tank appara-
tus, showing an array of openings of various sizes.

FIG. 4 is a perspective view of a sheet of a hydrocar-
bon compatible composite.

FIG. 5 is a perspective view of a section of the sheet
of FIG. 4 cut and formed to fit within the tank.

F1G. 6 is a cut-away perspective of the tank employ-
ing an inner shell layer formed with a fiber and resin
composite.

F1G. 7 is a cross-sectional view of the wall portion of
the wank of FIG. 6.

While the invention will be described in connecticn
with a preferred embodiment, it will be understood that
we do not intend to limit the invention to that embodi-
ment. On the contrary, we intend to cover al] alterna-
tives, modifications, and equivalents as may be included
within the spirit and scope of the invention as definad
by the appaended claims.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Turning first to FIG. 1 there is shown a tank con-
structed in accordance with the pressnt invention hav-
ing a thermal mass 12 of expanded foil mesh positioned
within the tank. The actual construction of the mesh
insert is well known in the art and involves the placs-
ment of a plurality of slits in a sheet of thermally con-
ductive foil, such as an aluminum foil, and then pulling
of the sheet to expand the openings. In the manufacture
of the sheet, an array of slits of predetermined dimen-
sion establish the size and shape of the openings pro-
duced when the sheet is pulled and expanded.

In one embodiment of the tank construction of the
present invention, the structural outer shel! (forming the
primary container wall) is manufactured in accordance
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with commonly known tank manufacturing techniques
and the interior suirace 14 of the tank outer shell 16 is
provided with a thin, yet stifl, inner shell 18 (forming a
secondary contziner wall). This inner shell is (in one
embodiment) a coating of 2 tvpe which is 2asily 2pplied
and when in service is r sis:am tc deterioration by hy-
grocarbons. Preferzbly this material is of high thermal
condugiviry, and is 2ppiied in 2 spray, similer 1o 2 paint
applicaticn. An aluminum oxide sprzy accompiishes
these purpeses 2nd produces an effective layer having a
finished :thickness in the range of 1/16:h of 2n inch or
jess Lz-:zvr tnickness is accept able where weight is iess
critical). The dried coating presents a siff thermally
conductive iayer which forms an inner shell and is ad-
hered 1o the outer 2luminum shell.

The physical characteristics of this layer is such that
it begins o0 lose its structural integrity at a temperature
which 1s higher than the lemperature at which the outer
aluminum shell begins 10 lese its structural integrity
(melting :npc'-tur-)

Overlving the inner surface of the interior shell there
is provided a layer of adhssive 20. The formsd filer
insert 12 having interstitial openings throughout is se-
cured within the inner shell by aghesive. This adhesive
is chosen for qualities of both thermal transfer ancé hv.
drocarbon resistance, and satisfactory results have been
obtained with 2n adhesive known as EC 776 manulac-
tured by the M Corporation.

As best seen in FIG. 2 the filler 12 is secured aleng its
outer surface to the inner shell coating 20 to form an
internal reinforcament to the thin inner shell. Th
unique function of this 2pparatus in a high heat environ-
ment is determined by this combination of shells of
differing melting temperatures. As the tmeperature
around the tank rises, the
outer shell in the first instance. As the temperature of a
localized porzion of the lightweight aluminum outer
shell rises, the inner shell proximate to that hot spot
heats up but also transfers heat laterally throughout the

inner shell layer as well as vertically to the intenor of <0

the tank through the filler insert. To the extent that hext
is wansferred through the inner and outer sheils, ine
adhesive and the mssh insemt carry the heat to the re-
mainder of the wank. As z:mp ratures conunue S =
vate and where the outer shell 2pproaches its cmnza
melting temperature, the inner shell continues to reman
intact due to its pigher mehing temperaturs. Tht
inner shell. vsing the adhered mesh insert as struziura
support. functions to termporarily rasist the hig
pressures -ncoum:rcd during the failure of the t.'er
shell.

Production of the filler mesh insert of the zr=se=:
invention is accomplished (according to methocs w=!
known in the art) by forming it from a flat she=t =2
shown) which is provided with spaced precisely c.men-
sioned siits. The p-npncrv of the sheet is then pull
expand the openings to produce the expanded sheet
F1G. 3. Rolling or stacking of the expanded shest ‘orms
the filler insert for the tank. In order 10 prevent nest:ng
of the neighboring layers of the expanded sheet, a shezt
50 is formed with a array of formed openings of
ing dimensions (a pattern of small 52 and large 54 open-
ings). This shest, or multiple shests, m2y then be rolled
or stacked together, such that adjacent openings do not
match-up; the transverse edges surrounding the open-
ings interfere with one another to prevent nesting. An-
other version of the above consists of interleaved lavers
of shests with each shest having uniform openings but

fragle

bt
-
-

«')'

~y T

Clnsr-

wank absorbs the neat in s :

(3]

4
4djacent sheets having openings of iffering size. A first
iayer includss a shest pressnurng op:nings of one s:22
and an 2Zjiacent laver shest prassnting cpenings of
second size. With the 2bove znii-nesiing technigues.
larzcr cpenings are formadie within the tank mesh 1o
ncrease fuel capacity while mzimtaining «fTective ther-
r::a] function and structural sugpcnt.

In a sscond embdodiment of :hs invention shown in
FI1GS. &7, :he inner shell s formes from 2 hvcrocar-
bo': cc.‘.:z.tibic ﬁb" and resin :cmpcsn:. Such z ccm-
s and 2poxy reasin. Tais
formed a--or:xug 10 methods well known in the 7-

ber/resin indusiry into 2 cyviindrical shzpe the size of the

inside of the outer shell.

In one method of for
sn.ll. 2 portion of' 2 cureg

rming the fiber/resin composiie
sheet o oO fiper cloth imprag-

nate d with resin is severad intc¢ 2 section 62 of desireg
ension and bent 10 ferm @ cviinder 70 for insertion
into .hc outer sheil 72, An achsesive 80 is applied (0 the

inside of the outer sheil anc ine To2r 2nd resin compes-
ite is acdherad therein (0 form 2n inner shell laver. as

2efore, the inside suriace 01‘ this inner snell lavar s
coated with achesive 82 2ng : . 84, form=¢
10 fit the 12nk as describad 2dove. :nc'-:n.
In another of said methocs. 2 roll of uncured resin
T ,prc;..atcd '1:>:.' :10kn s seversed in st aalc ;:nc:hs

e ,-‘.,,‘

mder 1S curcd in this cenfiguraton and ac‘s:r:c 1c the
:nsiée of the tank 2s described adove. The mash inse s
2is0 achered to the achesive inner shell layvern
the same manner.

In another i=chnique, the uncured fidber cioth/rasin
composit- is fitted within the tank and the resin on he
surface of the compesite used 2s the adhesive tc secure
:he inner shell laver to the cuter shell. Likewise, the
inner resinous surface of the composite will serve as 1he

1§ segured

SSures

2nzta
[egor- a4

achesive to adhere the msash inserx within the tank. The
composite and the adhssive/rssin surfaces are then

cured by the addition of heat 0 the wank assembly.

Another method known in the art employs a mux ¢f
resin and chopped fibers which are sp'av-d onto e
.aner surface of the outer shell. In such 2 technigue. the
suter shell is coated on its :nner suriace oy .a_\:.‘ o.' ine
oersresin composite. Tne itiler mashis theninsenec as
s=scnbed above. Applicauon oi heat
1zheres the filler mesh and :he :aner spsil winin
suter shell

= wvera{unther aspect fo the
:+2r 20 funcuons as an expen
. . Such a iaver sxuges 2
--a: zzndiuons to dispiace any U
=12 :h2 iaver. Thnis enhancses the expiosion prote
?y sreventing conuact of the 7usl with the nct sael
ers. [n pracuce the

cures --C regim 1-1

the interiazin

;mvenuon
2zdie aciauve

€2s Or vaper it o
usi wnich may > zrexe
zuca

"

‘l‘)

The e
\nacs s

776 adhesive which ssoures
ot :-‘sh insert to the inner laver, funcucns as sucn an
P ncabdle ablatve.

rrom the foregoing descmipuen 1t will be acp
:hat modifications can be macde to the apparatus and
=ethod for using same without deparing {rem the
teaching of the present inventicn. Accordingly the
scope of the invention is to de limited only as nezzq-
:ated by the accompanying ciaims.

We claim:

1. An explosion resistant
{uids comprising:

an outer shell forming a primary wall of the ccn-

tainer;

rent

coatainer for inflammasie



4,988,011

o

2n inner shell affixed within said outer shell 10 pro-

vide a secondary wall of the container;

wherein. the temperature at which said inner shell

begins 1o Jose its structural integrity is higher than
the corresponding temperature of szid outer shell;
and

a filler insert formed to substantially conform to the

shape of the contziner and adhered to said inner
shell.

2. The explosion resistant container of claim 1
whersin sz2id inner shell is comprised of a layer of alumi-
num oxide.

3. The explosion resistant container of claim 2
whersin said filler insert is comprised of multiple layers
of thermally conductive sheet having formed openings
of differing dimensions in each layer thereof, wherein
adjazem layers of said sheet are arranged such that said
formsd openings of differing dimension are juxtaposed.

4. The explosion resistant container of claim 3
wherein s2id multiple layers of thermally conductive
sheet are formed from a rolled sheet of expanded metal-
lic foil having said formed openings of differing dimen-
sions, wherein said openings of differing dimensions are

30

K}

45

65

.6
juxtapose when said sheet is rolied to form said filler
insert.

5. The explosion resistant coniziner of claim 1
wherein s2id inner shell is comprised of a hydrocarbon
compatible fiber and resin composite.

6. The explosion resistant contziner of claim §
wherein szid filler insert is comprised of multiple layers
of thermally conductive sheet having formed openings
of difTering dimensions in each layer thereof, wherein
adjacent Javers of said sheet are arranged such that said
formed openings of differing cimension are juxtaposed.

7. The explosion resistant container of claim 6
wherein said multiple layers of thermally conductive
sheet are formed from 2 rolled sheet of expanded metal-
lic foil having said formed openings of difiering cimen-
sions, wherein said openings of differing dimension are
juxtapose when said shest is rolled to form said filler
insert.

8. The explesion resistant container of cizim 1 further
comprising 2n expendable ablative interposed betwesn
said filler insert and s2id inner shell.
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[57] ABSTRACT

Explosion-preventing tank safety elements (TSE) are
provided for filling containers for explosible fluid and
gas media while avoiding enlarging, transforming, cut-
ting or welding the tanks. The loading of the elements is
possible simply through the filling pipe or outlet open-
ing of each container.

21 Claims, 1 Drawing Sheet
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SYSTEM OF SAFETY TANK ELEMENTS
PREVENTING EXPLOSIONS .

This application is a continuation of U.S. Ser. No.
713,727, filed as PCT AT84/00022 on Jun. 18, 1984,
published as WO85/00113 on Jan. 17, 1985, now aban-
doned.

FIELD OF THE INVENTION
The invention relates to fill elements for containers
for explosible fluids which have at least one inlet or
outlet opening, for the creation of a heat-conducting or
electrically conducting structure in space.

BACKGROUND OF THE INVENTION

Particularly from U.S. Pat. No. 3,356,256, the sugges-
tion has become known to include in containers for
explosible fluids a spatial metal grid which prevents
local overheating by rapidly conducting away heat and
thus making the container explosion-proof. In the
known device, the needed grid is constructed of layers
of metal mesh rolled up like balls of cloth and intro-
duced during the manufacture of the tank into same.
The necessity to provide the tank with an explosion-
proof safety device or, however, to cut it open to insert
the metal grid and to then re-assemble it has the result
that the mentioned suggestion was hardly practical so
far. Mainly, it was not possible to protect gas containers
or gas bottles against explosions by a heat-conducting,
spacial metal grid, since here an insertion of the grid
during the manufacture would be difficult and a subse-
quent insertion would not at all be permissible due to
the partial destruction of the container.

SUMMARY OF THE INVENTION

The primary goal of the invention is to make all types
of containers for explosible liquids or gases explosion-
proof without opening or even removing the container,
for example without removing it from a vehicle.

This goal is achieved by the dimensions of the fill
clements exceeding in at most one direction the diame-
ter of the largest opening of the container. In this man-
ner, it is possible to insert the fill elements subsequently
into the finished container, which thus represents the
basic concept of the invention.

The inventive fill elements can be made of various
materials which on one hand assure a quick heat con-
duction or electrostatic conduction and on the other
hand give the elements a structure which makes it possi-
ble to divide the tank interior into small areas with only
a slight loss of usable volume.

Aside from aluminum, in particular anodized alumi-
num, stainless steel or tin foil can be used; for the better
chemical swbilizatioa it is possible to coat these mezals
with galvanic layers. However, it is also possible 10 use
plastics like polyurethane or polysulphone as long as
their conductivity is increased sufficiently, for example
by adding graphite.

The plastic parts can thereby be produced by injec-
tion molding, cutting, casting or stamping techniques.

Basically, many different shapes of fill elements can
be used for carrying out the concept of the invention.
The elements, which are inserted through the inlet or
outlet opening_of the container, which remains in-
stalled, must occupy at least the whole free gas volume
of the tank. and thus not be appreciably compressed
under the influence of movements of the tank contents
and of fill elements which lie thereabove. On the other
hand. adjacent fill elements must touch each other
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along their adjacent portions at sufficiently many places
so that there does not occur an interruption of the heat
condyction or electrical conduction and thus a reduced
explosion protection.

In spite of the principally existing possibility to con-
struct the fill elements totally different, it is particularly
advantageous if the fill elements are provided with a
plurality of diverging plates. It is possible in this case to
insert the brushlike fill elements through an inlet open-
ing, even if they have to be compressed temporarily
during the insertion. This is particularly important dur-
ing the loading of gas containers with a narrow open-
ing. The platelike fill elements assume again their origi-
nal shape inside of the container; they penetrate through
one another in their areas close to the surface, whereby
their mutual approach is limited to the necessary de-
gree. In particular, for cube-shaped containers, it is
possible to introduce a single large brushlike cell utiliz-
ing its elasticity, which then fills the entire container
interior. It is easily possible to achieve on the one hand
by, adjusting the number and dimension of the plates,
the necessary heat bridges or electrically conducting
chains between the fill elements, while on the other
hand the total liquid or gas volume which is displaced
by the fill elements remains in the order of magnitude of
approximately 1.7%-3% of the container volume.

Rolling movements due to mass inertia are sup-
pressed by the elements.

Even though the use of fill elements with diverging
bunches of plates is advantageous, in that such dry cells
can be introduced through inlet openings which can
only be passed through deformation of the bunches,
other cell shapes can by all means also be used accorg:
ing to the invention. In as far as metal elements are used,
particular attention was given here to shape these
through a suitable folding, which on the one hand as-
sures mutual contact of the elements at as many points
as possible, and on the other hand prevents their col-
lapsing at the bottom of the container.i The number of
geometrical shapes which are possible in_this sense is

connected with one another, nested into one another.

~
!

folded in 2 zig-;_qg__s_l}_apc.@consm:cxed spirai-sh_ap;_d.}

Also, spherical shapes which are created by forming
balls of foil can be used, as long as the foil is sufficiently
perforated in order not 1o prevent the filling of the
container with fluid.

An important additional difference relates 1o whether
the fill elements are ingroduced into the container as
individual pieces or in continuous strips. If the elements

; 2nnuol
consist substantially of a plastic foam. they wili gener-
ally be inserted in the form of small balls or cubes.
Whereas, in particular, the previcusly mentioned
bunches of plates are arranged in a pracucal manner on
one or several wires and are introduced on same contin-
uously into the container.

For example. the safety element which is based on a
center axis formed by one or two wires can be produced
in such a size that the introduction of only one large
clement is sufficient to ensure the safety of a fuel tank,
tanker, etc. This has up 1o now the unrivalled ad vantage
that the large elements can subsequently be removed
quickly and easily from the tank, which is important for
the cleaning of the tank.

In addition. by varying the size of the elements. cus-
tom-made and inexpensive solutions 10 problems can be
achieved.

pv4

0 — . v A >
practically unlimited, since thin metal plates can be @ -
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3. REQUIREMENTS

3.1 Qualification. The material furnished under this specification
shall be a product which is qualified for l1isting on the applicable
qualified products list at the time set for opening of bids.

3.1.1 Regualification. Before any change is made in the composition
or fabrication process of the final product, the contractor or manufact-
urer shall contact the qualifying activity to determine if requalification

is required.

3.2 Materials. The aluminum alloy foil used in producing the expanded
metal mesh shall conform to the Aluminum Association, Incorporated 3003

H24 or 3010 H24. The Grade 1 foil shall be untreated. The Grade 2 foil
shall be coated with a chromate conversion coating conforming to MIL-C-5541.
The foil shall be slit longitudinally such that the resultant web, when.
expanded laterally forms a mesh of hexagonally shaped openings. The expan-
ded foil shall be folded to form a batt having small contiquous apertures,
The product supplied under this specification shall be of the same quality
and manufacturing process as that used in the qualification samples. The
end product shall be expanded mesh which is suitable for use in aircraft
fuel tanks to suppress pressure build up and explosions due to ignition

of vapor/air mixtures.

3.3 Physical properties and characteristics. The physical properties and
characteristics of the suppression material shall be in accordance with

Table I.

3.4 Combustion overpressure (Explosicn Suppression).
overpressure shall be as follows:

The combustion

Type I: Maximum combustion pressure increase shall not exceed 20
psi when combuction volume (Vc) = 5 Volume Percent:

. Initial Pressure (Ip) = 3 psig.

Type I1: Class A; Combustion pressure increase shall not exceed
20 psi when Vc = 5 Volume Percent and Ip = 3 psig.

Class B: Combustion pressure increase shall not exceed
15 psi when Ve = 10 Volume Percent and IP = 3 psig.

Type 111: Class A: Combustion pressure increase shall not exceed
18 psi when Vc = 10 Volume Percent and Ip = 3 psig.

Class B: Combustion pressure increase shall not exceed
15 psi when Vc = 10 Volume Percent and Ip = 3 psig.

3.5 Slosh testing. Slosh testing in accordance with 4.4.1.9 and 4.4.1.10
respectively, shall be corducted on tanks packed with the explcsion sup-
pression material. At the end of each test the batts of material shali be
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carefully removed for inspection. The physical integrity of the batts shall
be maintained and batts should not shrink more than 2 percent in any dimen-
sion. Total suppression material breakdown in any of the tests shall not
exceed 0.3 percent by weight of the total material installed. Abrasion to
tank coating and sealant materials shall be minimal and the effect not be
detrimental to the normal operation of the fuel system. Any abrasion to
the tank wall should not be significant enough to have an adverse influence

on the fuel tanks performance.

3.6 Dimensions and tolerances.

3.6.1 Standard batt size. Unless otherwize specified, suppression material
shall be produced in standard size batts of the size, 36 x 22 x 12 inches

(91.4 x 55.8 x 30.5 cm).

3.6.2 Optional batt sizes. When specified, batt sizes shall be made with
the following maximum dimensions:

Type I: 37 x 36 x 18 inches (94 x 91.4 x 45.7 cm)

Type 1I: Class A: 42 x 36 x 18 inches (106.7 x 91.4 x 45.7 cm)
Class B: 38 x 36 x 18 inches (96.5 x 91.4 x 45.7 cm)
3

Type I11:Class A: 44 x 36 x 18 inches (111.7 x 91.4 x 45.7 cm)
Class B: 39 x 36 x 18 inches (99 x 91.4 x 45.7 cm)

3.6.3 Tolerances. Production tolerance 1imits on standard and optional
batt sizes shall be as follows (See 6.3):

Length: +1, -0 inches (+2.54, -0 cm)
Width: + 1/4 inches (+ 0.64 cm)
Thickness: + 1.8 inches (+ 0.32 cm)

-

3.7 1ldentification of Product. The suppression material shall be sealed
in a clean polyethylene bag as it comes off the production line. A label-
ed card shall be provided inside the bag which clearly identifies the
manufacturer's part number, date of manufacture, production run number,
batt number and size. When applicable, the government contract or order
number shall be included. There shall be nc colcr coding or marking on the

batt surface.

The suppression material shall be fabricated in accordance

3.8 Workmanship,
with high-grade manuvacturing practices covering this type of material. The
material shall be suitable for its intended use and free of defects which

may affect its performance. It shall be of a uniform appearance and free
from tears.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection. Unless otherwise specified in the con-
tract or purchase order, the contractor is responsible for the performance
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FOREWORD

This is the final report for an experimental study of the protection
afforded by the Safety Guard Corporation Safe-T-Foil materia) used in marine
gasoline cans. The tests that were conducted demonstrated that Safe-T-Foi)
significantly reduces or eliminates the explosion hazard of marine gasoline
cans exposed to & su3taincd external fire such as from e gasoline tpill, The
tests also demonstrated that Safe-T-Fofl significantly reduces or eliminates
the potential for explosion of the marine gasoline cans tested when penetrated
by a ballistic incendiary round. 1ITRI staff participating in the testing
included Carl Foxx and Richard Joyce. Ronald Pape provided support in test
planning and documentation. Ronald Fenton of Safety Guard was present during
the tests and guided the choice of test conditions,

Respectfully submitted,
I1T RESEARCH INSTITUTE

;;Eamcwé§4’ ;7€;iw<

Ronald Pape
Manager
Explosion Science Section

mistry and Chemical Engineering

T RESEARCH INSTITUTE
it 1ITR] Report C08999-F
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1. BACKGROUND

Safe-T-Fo1l

Safe-T-Fo4l 1s a product made by the Safety Guard Corporation. It is
designed to eliminate or significantly reduce the potential for explosion of
flammable 11quids and gases in their storage containers when exposed to
hazerdous environments such as external fire and ballistic penetration. Safe.-
T-Foil 1s essentially a low density metal mesh fi11ing the volume of the
storage vessel being protected.

Hazard Scenarios

There are three hazard scenarios of concern with respect to the potential
for explosion of marine gasoline cans. These are (1) sustained external fire
exposure of a can filled with a gaseous fuel-air mixture, (2) ballistic
penetration of a can filled with an explosive fuel-air mixture, and (3) a
BLEVE (Boiling Liquid Expanding Vapor Explosion) of a tank containing a
significant amount of liquid gasolfne placed in a sustained external fire.

Cé1cu1ations were performed to estimate the explosive loading produced
within the gasoiine cans if a stoichiometric gasoline vapor-air mixture should
react within the cans. The calculations were based on octane to represent a
typical gasoline mixture. If & classical detonation wave gevelops witrin &
gasoline can, the peak static pressure would be about 275 psia. This would be
the peak pressure on a pressure wave travelling across the can volume at about
2000 m/s. After several wave reflections (or after a constant volume reaction
of the mixture inside the can) the pressure will equiitbrate 10 about 130
psig. These marine gasoline cans have been static pressure tested and show
significant damage at about 30 psig. Therefore, if an explosive reaction
occurs within these marine gasoline cans, significant damage would be expected

to occur.

11T RESEARCH INSTITUTE
l 11TR]1 Report CO08999-F
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Safe-T-Foil should improve the safety for all three hazard scenarios
mentioned above. For a sustained fire exposure of an explosive vapor filled
tank, Safe-T-Foil should significantly increase the time before an initfation
will occur. Safe-T-Foil should prevent reaction propagation inside a gasoline
can whether inftiated by sustained fire exposure or by ballistic penetration.
For & BLEVE, Safe-T-Foll should serve to lengthen the time before the 1iquid
inside the tank heats up, vaporizes and builds pressure to the point where the
can explodes dues to high internal pressure and thermal weakening of the tank
wall,

Current Program

The current program is concerned with the application of Safe-T-Foll to
marine gasoline cans. For the current serfes of tests, the two scenarios
involving explosive fuel-air mixtures inside the tanks were evaluated. The
BLEVE scenarioc was not considered. The effectiveness of Safe-T-Foil material
was tested for an external pool} fire exposure as well as for ballistic
penetration with an fncendfary round. In both cases, the Safe-T-foil showed a

~significant reduction in the potential for explosion of the gasoline cans that
were tested.

1T RESEARCH INSTITUTE
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2. PRINCIPAL OF PERFORMANCE

An expanded metlal matrix inside of a gasoline can reduces the explosion
hazard in several ways., First, for an external fire exposure, the metal
matrix significantly increases the effective heat capacity of the internal
gasoline can volume. The implication of increasing the heat capacity {s ¢o
significantly increase the energy required to heat the spaces inside the can
to the point of ignition of any reactive fuel-air mixture within the vessel,
The energy input required 10 heat the spaces inside a can increases by the
ratio [MClnerat-vapor/ (MClyapor When the metal matrix {is added to these cans,
where MC 4s the effective heat capacity (mass times specific heat) of the
materfals. For the cans tested, this factor is estimated to be approximately
20 to 30. 1In other words, with Safe-T-Foil, 1t should take about 20 to 30
times more energy input to heat to the explosion temperature.

The actual process of heating the gasoline cans 1s an extremely complex
heat tranfer problem, In reality, the thermal ignition process occurs at or
near the wall of the gasoline can because this 1s the hottest surface. for
gasoline cans without Safe-T-Foil, an internal convective flow will develop
and help to remove heat from the hot walls of the can., for cans containing
Safe-T-Foil, contact of the foi) with the wall will help to cool the wall by
¢conduction heat transfer. For any heating process controlled by conduction,
the rate of heating is characterized by the molecular diffusivity of heat a,

LI

where k is the comductivity, p is the mass density, and C is the specific
heat. The term pC 1s equivalent to the heat capacity MC mentioned earlier,
Thus, when considering rate of heating, a high heat capacity can be negated if
the conductivity is also high, as in the case of the metal matrix in a
gasoline can. Although it takes more energy to achieve a critical (ignition)
temperature level, the energy flows into the matrix more easily. Therefore,

1T RESEARCH INSTITUTE
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the metal matrix may or may not inhibit the temperature rige inside the can
due to externa! neating, depending on whether heat capacity or conduction

dominates.

A primsry benefit of Safe-T-Foil js that 1t wil) Ynhibit the propagation
of an energetic reaction (deflagration or detonation) within the gasoline can
{f ignition does occur, either by external heating or by incendiary ballistic
penetration. This flame propagation inhibitor property of Safe-T-Foil {s
f1lustrated by a simple model. A single idealized channel within an Safe-T-
Foil matrix s shown in Figure ! with a flame propagating through the
channel. 1f the flame 1s viewed as & constant thickness (a) uniform
temperature chemical reaction zone moving at constant propagation velocity Ve
than an energy balance on the moving slab leads to the following estimate for
the flame temperature (Tf) history.

o V.H. D
- . 9ff " . 4h . 4h
Te = Ty Y {1~ exp (- Tt } [Tf - TOJ exp (- =7 t)
979 o g9
Energy Addition Energy Extraction

where °g is the gas density, D is the channel diameter, C, is the gas specific

S
heat, Hy 1s the reaction enthalphy, h Is the convective heat transfer

coefficient, Io is the initial tempereture of the metal mesh and flammable gas

mixture and Tfo is the inftia) flame terperature. The first term on the rignt
represents energy additfon by reaction and <he second term represents energy
loss by heat transfer to the cell wal'. 82%h terms have the same time
constant in this model:

-

Since flame suppression is desirable in 25 snort a time as possible it fis
desirable for the time constant to be as short as possible (1.e., small
diameter channels, D, but not so sma'l as <o tnnibit convective heat transfer,
h), and it is desirable to have the energy extraction term dominate over
energy addition (1.e., smal)l channel diameters, again).
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Figure 1. ldealized model for single channel for flame propagation
within Safe-T-Foil matrix.
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It should also be beneficia) to maximize the ratio of enargy absorbed by
the cel) wall to energy released in the cell volume:

Energy Absorbed _ 40 8C (T, - To)

Energy Released ogD‘H
where p¢ 1s the meta) density, & is the cell wall thickness, and C  is the
metal specific heat, This indicates that the metal cells should maximize the
ratio of cel) wall thickness to cell diameter, as well as maximize the wall

heat capacity (o4Cs).

A comprehensive fnvestigation of the Safe-T-Foil concept was conducted by
the Canadian Explosafe Division, Vulcan Industria) Packaging, Ltd. for the
U.S. Air Force* for aircraft fuel tank protection. That study determined a 2
mil foil thickness and a packing density of approximately 2 1b/ft3 to be
optimum. These specifications were chosen for the Safe-T-Foil used in the
marine gasoline cans tested in this program.

*A, Szego, et al,” Evaluation of Explosafe Explosion Suppression System for
Aircraft Fuel Tank Protection", AFwWAL-TR-80-2043, July 1980.
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3. TEST PROGRAM

Two series of tests have been performed at IIT Research Institute's Gary
Indfana Fire Laboratory. The first series of tests was to verify that Safe-1-
Foil reguces the explosion hazard of marine gasoline cans filled with an
explosive gasoline vapor-air mixture when penetrated by a ballistic incendiary
round. The second series of tests was to verify that Safe-T-Foil reduces the
explosion hazard of these same gasoline cans exposed to an external sustained

fire,

3.1 BALLISTIC INCENDIARY PENETRATION TESTS

Test Setup
The physical arrangement for the ballistic penetration tests is shown in
Figure 2. These tests were simply shooting an 50 caliber incendiary round
into each can through a 1/4 inch thick aluminum plate to cause ignition of the
- Incendiary prior to penetration into the gasoline can. The gasoline cans were
filled with a flammable mixture of gasoline vapor and air, 5 ml of gasoline
for the majority of the trials,

Diagnostics

The diagnostics for these tests was simply video camera coverage.
Explosfon of the gasoline cans was clearly identifiable from the video record.

Test Sequence

The initial trials were to establish a baseline condftion with
unprotected cans. This was essentially to verify that the unexploded cans do
indeed explode when penetrated by an incendiary round. Once the baseline was
established, the protected cans were tested to verify that Safe-T-Foil does
indeed prevent explosion by this type of ignition source.

HT RESEARCH INSTITUTE
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Figure 2. Ballistic penetration test setup.
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3.2 POOL FIRE TESTS
Test Setup

The physical arrangement for the pool fire exposur: tests is shown in
Figyre 3. Cach six gallon marine gasoline can was placed 1n a shallow pool of
1iquid gasoline, representing an accidental spill. The cans were each filled
with 5 m1 of gasoline, which when vaporized produced a flammable fuel-air
mixture within the can. These tests were each dbegun by initfation of the
gasoline in the shallow pan using an electric squib to ignite a bundle of
matches positioned Jjust above the surface of the gasoline in the pan.

Diagnostics

The dlagnostics for these experiments consisted of real time video
coverage, five thermocouples, and pressure history inside the can. The five
thermocouples were located as described below:

o ! thermocouple inside the can, halfway up from the

bottom, penetrating through the threaded comnection
provided in the top of the can.

s 2 thermocouples tack welded to the outer wall of the
can, at 1/3 and 2/3 of the can height from the bottom.

s 2 thermocouples in the pool fire flame 1" from the can
wall, at 1/3 and 2/3 of the can height from the
bottom.

Jest Sequence

An initial series of pool fire tests were conducted with gasoline cans
that did not contain Safe-T-Fofl. The purpcse of the initial tests was to
establish a baseline condition under wh*ch the unprotected cans wtl)
explode. Based on the initial serfes, t-e c-otected gasoline cans were each
exposed to the sn;e type of fire for an exterded time.

1T RESEARCH INSTITUTE
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Thermocouple Leads for
Internal Temperature

Static Pressure
Top for Internal
Pressure

~—

\\\5’ ?ﬁermOCOup1e for Can

Wall Temperature

N

Thermocoupi
for Fire
Temperature

Figure 3. Pool fire test setup.
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4. TEST RESULTS

" The tests which were performed and the test results are summarized in
Table 1. Table 1 also shows a verification of fot)l weight inside two
protected cans chosen at random. The measured weights were within 0.6 percent
of the specified weights.

4.1 BALLISTIC TESTS

Seven ballistic penetration tests were performed. These tests were
uninstrumented., Evaluation of these tests results were based on visual
observations, post test gasoline can damage, and thc video coverage.

The first two tests were on unprotected gasoline cans, filled with 5 m)
of gasoline in each case. In both cases the cans exploded, with the primary
fajlure at the seam beteeen the can bottom and the main body of the can. Al
the other tests involved protected cans. None of the protected cans
exploded, After each test, these cans remained in their original position,
with the only perceptable damage being a bullet hole and blackl scorch mark
surrounding the bullet hole. In Test 7 (1 liter of gasclinme in can), a
celayed flash of 1ight was observed, but the gasciine can did not sustain any
additional damage.

4.2 POOL FIRE TESTS

Six pool fire tests were performed. Tests 8 and 13 were baselfine trials
using unprotected gasoline cans. In Test 8, the can exploded after 68
seconds. In Test 13, the f11) cap was blown off (prematurely) at 51 seconds
resulting in the tan being knocked off of its stand in the pan. All of the
pool fire tests with protected cans involved a flammable vapor-air mixture in
the can (5 m1 of gasoline). No explosions were observed in any of these
tests. All of these gasoline cans vented to the stmosphere after several
minutes when the fi11 cap gasket failed. This expelled the flammable fuel-afr
mixture from the can, climinating the hazard.

11T RESEARCH INSTITUTE
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TABLE 1. SUMMARY OF TESTS PERFORMED

Test Test Foil Gasoline
No. Type Protection Weight in Can Results
1 Ballistic Unprotected 0g¢g 5 ml Explosion
(baseline)
2 Ballistic Unprotected 0g 5 ml Explosion
(baseline)
3 Ballistic Protected 1000 ¢ 5 ml No explosion
4 Ballistic Protected 1000 g 5 m No explosion
5 Ballistic Protected 819 ¢ & m No explosion
6 Ballistic Protected 1055 g 10 m No explosion
7 Ballistic Protected 1020 g S No exploston,
but late time
flash occurred
8 Pool Fire Unprotected 0g S ml tExplosion at 68
(baseline) sec
S Fool Fire Protected 871 g 5m No explosion
10 Pool fire Protected 888 g 5 ml No explosion
11 Pool Fire Protected 1000 g 5 ml No explosion
12 Pool Fire Protected 1091 g 5m No explosion
13 Pool Fire Unprotected 0g 5 ml Fi111 cap blown
(baseline) off at 51 sec

{(minor explosion)

-

Verification of Foil Weight

IIT RESEARCH INSTITUTE
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B 975 gm 972 gm 0.3%
C 1028 gm 1022 gm 0.6%



-

“yan L

ERID COLES FHOME No. © B3R 255 2191 Sep.13 1993 11:234M

The thermocouple and pressure transducer readings are presented in
Figures 4 through 9 for Tests 8 through 13, respectively. In each case, the
top graph presents the external temperatures (the fire temperatures at 2
levels and the gasoline can outer wall temperatures at 2 levels). The middle
grapn is the temperature history recorded at the mid-height within the can,
and the bottom graph 1s the internal can pressure.

" When the temperature and pressure histories from Test 8 (unprotected can
wnich exploded) are comapred to those of the protected cans, the responses of
811 the cans are seen to be similar., (ven internal temperature and pretsure
were comparable. This indicates that the dominant mechanism for explosion
prevention is probably the ability of the metal mesh to prevent reaction
propagation, as opposed to increasing the heat capacity of the can. Test 13
(unprotected can for which the fi11 cap blew off) does show a sharp rise in
temperature just before the fi11 cap blew off the can and relieved the

internal pressure.
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5. CONCLUSIONS

Based on the experiments performed under this program, the Safe-T-Foil
material showed a definite reduction in the potential for explosion of the
marine gasoline cans that were tested, when these gasoline cans are exposed to
a sustained external fire or penetration by a 50 caliber incendiary
projectile. It must be noted that these gasoline cans were tested in most
cases containing a flammable mixture of gasoline vapor in air. This should be
the worst case for an internal explosion due to chemical reaction. Safe-T-
Foil is expected to provide the same type of explosion protection as was
demonstrated in this program to any gasoline can of a similar type.
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ABSTRACT

An analysis was conducted of the data collected by Packer
Engineering, Inc. for each of the supplied propane test tanks.
Appendix A is a series of tables developed in order to analyze the
test data. Appendix B is the basic data and associated graphs
presenting the tank pressure (regulator upstream) as a function of
the elapsed time as presented by Packer Engineering, Inc.




CONCLUSION

1) LPG tanks with foil inserts perform differently when
compared to LPG tanks with-out foil

2) The overall weight of the tank (no liquid) does not appear
as a major factor in the operational characteristics of the tanks
tested

3) The primary difference in the characteristics of the tanks
with foil appears to be related to the foil density (weight of
aluminum material-ounces to the tank capacity-gallons)

4) The tanks with the foil material inserts exhibited a higher
vapor pressure than the tanks with-out the foil material for the
same elapsed test time. The issue to be resolved is: Did all test
have the same initial conditions when t=0 ? In order to correct for
different initial conditions the data has been normalized as-
appropriate. Table 3 and Table 6 present normalized test data based
on two different mathematical procedures. It appears that the tanks
with the foil inserts have the potential to exhibit a higher
relative vapor pressure then the tanks with-out the foil. The
results indicate that the higher vapor pressure is probably the
result of as higher heat transfer rate into the propane liquid
resulting from the foil inserts within the LPG cylinders.




TEST DATA ANALYSIS

Table 1 is the basic upstream vapor pressure for each tank
tested as a function of elapsed time. The tanks are identified as:

TANK # FOIL DENSITY (0Z/GAL)

4.10

4.71

5.53

6.32

6.32 (different band

width)

no foil

no foil

(5+6)/2 no foil-average value

(o) 4] N W

Table 2 is the basic upstream vapor pressure differences for
each tank tested as compared to the average upstream vapor pressure”
for the tanks with no foil inserts. The basic data indicates that
the tanks with the different foil densities have a higher tank
vapor pressure difference than the tanks with-out the foil. The
higher vapor pressure within the tanks with the foil inserts
appears to be indicative of a higher heat transfer rate into the
tanks from the surrounding conditions. The vapor pressure
differences decrease as a function of the elapsed time and will
probably approach a steady state final differential vapor pressure.
The vapor pressure difference ratio at t=1 minute divided by the
vapor pressure differences at t=31 minutes for each tank tested is:

TANK # RATIO: DELT P (t=1 minute)
DELT P (t=31 minutes)

1 5.10
2 3.10
3 3.80
-~ 4 3.10
7 2.70 (different band

width)

From the above data it appears that the tanks with the higher
foil density have a 1lower vapor pressure difference ratio
indicative of a higher heat transfer rate from the ambient into the
LPG liquid.



Table 3 is the vapor pressure ratio defined as: the vapor
pressure at t=i minutes to the vapor pressure at t=1 minute. In
general, the overall vapor pressure ratio of the tanks with the
foil inserts appear to have the characteristics of a higher vapor
pressure ratio as the elapsed time increases as compared to the
tanks with-out foil. The vapor pressure ratio coefficient is
defined as the vapor pressure ratio at t=1 minute divided by the
vapor pressure ratio at t=31 minutes for each of the tanks tested
are:

TANK # PRESSURE RATIO COEFFICIENTS
1l 3.36
2 3.24
3 3.39
4 3.20
7 3.20 (different band
width)
(5+6) /2 3.43
5 3.56

The lower value of the vapor pressure ratio coefficient for
the tanks with the foil inserts is indicative of a lower vapor
pressure ratio coefficient slope, hence a higher heat transfer rate
for the tanks with the foil inserts as compared to the tanks with-
out the foil material.

Table 4 is defined as the pressure ratio at time t=i minutes
divided by the average vapor pressure for the two tanks tested
with-out the foil inserts. Comparing the vapor pressure ratios
indicate that the tanks with the foil inserts have a higher vapor
pressure ratios as compared to the tanks with-out the foil inserts.
The vapor pressure ratio coefficients is defined as the vapor
pressure ratio at t=1 minute divided by the pressure ratio at

t=31 minutes are :

TANK # PRESSURE RATIO COEFFICIENTS
1 1.04
2 .98
3 1.02
4 .96
7 .94 (different band
width)

The lower value of the vapor pressure ratio coefficients for
the tanks with the higher density foil inserts appears to indicate
a higher vapor pressure ratio as a function of the elapsed test

time.



Table 5 is defined at the vapor pressure difference for a tank
at time =i minutes minus the vapor pressure at time = (i+2) minutes
for a starting vapor pressure of approximately 79 psi. The data
appears to indicate that the tanks with foil inserts have a greater
vapor pressure difference than tanks with-out the foil (with the
assumption that all tanks have the same initial vapor pressure,
79 psi). Since the downstream vapor pressure is regulated for the
test conditions therefore the difference in pressure from
t=29 minutes to t=31 minutes under the test conditions are:

TANK # PRESSURE DIFFERENCES
(t=29-t=31)

(different band
width) -

N W R
B WWWN
e e o 8 o
o ocouvutuLmuy;m

(5+6) /2 3.

If all the test tanks have the same final regulated steady
state vapor pressure than the initial vapor pressure for the tanks
with the foil insert is expected to be higher than the tanks with-
out the foil.

Table 6 is defined as the initial vapor pressure at t=1 minute
minus the vapor pressure at t=i minutes. The test data indicates
that the tanks with the foil has a greater vapor pressure
difference than the tanks with-out the foil insert. If we assume
that all the test tanks have the same final regulated steady state
vapor pressure of 28 psi than the expected initial pressures (based
on a linear function) are:

TANK # PRESSURE VAPOR PRESSURE
_ DELTA INITIAL
(t=1-t=31) t=0
1 64.5 92.5 psi
2 66.0 94.0
3 70.5 98.5
4 76.5 104.5
7 73.0 101.0 (different band
width)

(5+6)/2 56.5 84.5



APPENDIX-A DATA ANALYSIS TABLE 1 TO 6 INCLUSIVE
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November 4, 1992

T e S —— e m. . S g Mg o

Mr. Ron Fenton
SAFETYTECH CORPORATION
1749 Gulf Road

Suite 500 o

Mt. Prospect, IL 60056 -

Re: Propane Tank Testing" T
Packer Engineering File No.: N51163

Dear Mr. Fenton:

Enclosed\ﬁa draft of the appendix summarizing the measured data points for each
of the supplied propane tanks. Also, enclosed are seven graphs presenting the
tank pressure (regulator upstream) versus time.

If you have further questi‘ons regarding the presented results, please do not
hesitate to call me. .

Sincerely,

Sorgl

Christoph Graumaan
Staff Engineer
(Intern Program)

NORTH WASHINGTON AT 1.88

P.Q, BOX 353 « NAPERVILLE, | “ Anun i -
708-508. 5293 4 iy Sn o pPe Pee soL T v@:iEZ 26, 30 M
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17085051886

FAX NC,

FAUKER =NGINEERING INC.

NUV= b=y WED [5ilD

Client : Saeitytech Corporation, Mr. Ron Feniton Page : 6 of:7
File No : NSt1t63 Title : Propane Tank Test
By : Christoph Graurmermn Date 1 22/10f1992
Tank No. 8 : FB 000116 Tank weight initielly (emapty) : 411b Avorage Mass Flow 2 0.15227 Bbfmin
Propane weight :17ib Teat walght S8 Ambilent Pressure : 772 mm Hg
Propane used :83751b Average BYU/r. : 197.26 Ambient Temperature : 62F
Time P upstr. Requl |p downsir, Regul. [dp Ortfice Piate Temp.Stream [Temp.Tank U Temp. Tank Temp.Tank Up|Temp.Tasnk Low] Temp. Stream
Imin] lpsi] [in” H20) [in" H20) [mv] (mV] [mV] 13} ¥l ]
0.00 0.00 0.00 0.00 0.68 0.62 0.50 62.28 56.92 66.12
1.00 *84 50 7.20 7.40 0.54 0.61 0.47 61.79 5542 59.09
4.00 479.00 7.00 7.40 0.52 0.59 0.42 60.82 5293 58.09
9.00 68.00 710 720 047 0.58 0.28 60.33 45.95 5558
11.00 63.00 7.00 7.20 047 0.57 0.18 53.64 40.97 55.58
13.00 S8.00 7.00 7.20 0.47 0.54 011 ] 5837 37.48 ‘5558
15.00 54.00 7.10 7.30 048 0.52 0.04 57.40 33.99 56.08
17.00 50.00 7.10 7.30 0.48 0.50 9.02 56.42 31.00 56.08
19.00 46.00 7.05 7.30 0.48 0.48 007 S5.44 2851 56.08
21.00 42 00 7.30 7.40 0.50 0.46 0.17 54.47 23.53 57.09
23.00 38.00 7.30 7.50 0.50 0.44 023 53.49 20.54 57.09
25.00 34 00 7.30 7.60 0.51 042 -0.33 §2.51 15.56 57.59
27.00 30006 7.30 7.60 0.52 0.40 -0.40 5154 12.07 58.09
29.00 27.00 . 7.30 7.60 0.53 038 -0.48 50.56 8.08 50.59
31.00 24.00 7.30 7.60 0.54 037 -0.55 S0.07 4.59 59.09
~ 33.00 __21.00 7.30 7.60 0.54 0.36 -0.65 4958 -0.39 59.09
35.00 18.00 7.30 7.80 0.55 0.34 0.72 48.61 -3.88 59.59
37.00 15.00 7.80 7.90 04.55 032 0.84 4763 9388 §5.59
39.00 13.00 7.80 8.00 0.57 0.31 -0.91 47.14 -13.35 6.60 | .
41.00 11.00 7.85 8.00 0.57 0.30 -0.99 46.65 -16.83 60.60
43.00 9.00 7.85 8.00 0.58 0.29 -1.08. 4616 21.82 61.10
45.00 6.00 7.85 8.60 0.59 0.27 -1.18 45.19 -26.80 61.60
47.00 400 7.85 8.10 0.60 026 -1.29 44.70 ~32.28 62.10
49.00 2.00 7.60 7.00 0.61 024 -1.39 43.72 37.27 2 60
51.00 1.00 3.60 3.40 0.61 0.23 -1.43 43.23 3928 | - 62 60
53.00 0.00 210 2.00 0.62 025 -1.43 44.21 -39.26 63.11
$5.00 0.00 1.80 1.60 0.63 0.26 -1.42 4470 -38.76 63.61
* inappropriate data :
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Clent : Saeftytech Corporation, Mr. Ron Fenion . Page:7 of:7 ]
Fife No. : N51163 Tidle . Propane Tank Test
8y : Christoph Graumann Date : 221041992
Tank No. 7 : FB 000172 Tank weight initlalty (ampty) : 46 b - Average Mass Flow : 0.15799 Ib)min
Propane weight :1725b Test wolght 163251  Ambient Pressurs - : 772 mmHg
Propane used : 801b Avernge BYU/hr. : 204.68 Amblent Temp. : 66F
Time P upslr. Regul.|p dowastr. Regul. {dp Orifice Plale ] Temp.Straam Temp.Tank U{Temp Tank Temp.Tank Up| Temp. Tank Low| Temp. Stream
[min] ipsi) " H2O)] i H2O] __ [fmV] Imv) [mV] Fl IF] ]
0.00 0.00 0.00 0.00 068 0.76 0.75 €912 69.37 66.62
1.00 105.00 7.80 8.00 0.43 0.74 o070 68.14 66.88 53,57
3.00 100.50 7.80 8.00 046 0.72 0.62 67.17 62.90 55.08
5.00 94.00 7.80 8.00 0.44 0.70 0.56 66.19 59.91 5407
7.00 87.00 7.80 7.90 043 0.68 0.49 6521 5642 | 53.57
9.00 81.00 7.60 8.00 0.44 065 0.43 63.75 53.43 54.07
11.00 75.50 7.70 8.00 045 0.63 034 6277 48.94 54 58
13.00 70.00 7.80 8.00 0.46 0.60 027 61.30 4545 55.08
15.00 65.00 7.80 800 0.47 0.58 0.19 5935 41.47 55.58
17.00 60.00 7.80 8.00 049 0.53 012 57.89 37.98 56.58
19.00 56.00 7.80 8.00 0.50 0.50 Q.05 56.42 34.49 57.09
21.00 51.00 7.60 8.00 0.51 047 0.03 54.96 30.5t 57.50
23.00 47.00 7.80 8.00 0.52 0.44 0.10 53.49 27.02 56.09
25.00 43.00 7.80 8.00 0.54 042 0.16 52.51 24.03 59.00
27.00 39.00 7.80 800 0.55 039 0.21 51.05 2154 5859
29.00 36.00 7.80 8.00 0.56 0.37 025 50.07 19.54 6010
31.00 32.00 7.80 8.00 0.57 0.34 0.29 48.61 17.55 6060 |
33.00 28.00 7.80 8.00 0.58 032 -0.33 47.63 15.56 61.10
35.00 2500 7.80 8.00 0.59 0.30 -0.37 4665 13 .56 61.60
37.00 21.50 7.80 8.00 0.59 0.28 Q.41 ' 45,68 1157 61.60
39.00 18.50 7.80 800 0.60 0.26 045 44.70 958 62.10
41.00 15.50 7.80 8.00 0.61 025 -0.48 4421 8.08 62.60
43.00 1250 7.80 8.00 0.61 0.23 -0.52 4923 609 | 62.60
45.00 10.00 7.80 8.00 0.62 ot -0.56 42.26 4.09 6.1
47 00 7.00 7.60 8.00 0.62 0.19 -0.60 4128 210 63.11
49,00 4.00 7.80 6.00 0.63 | 0.18 -0.65 40.739 -0.39 6361 |
50.36 200 7.60 7.60 063 0.17 -0.68 40.30 -1.89 63.61
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Flgure 2 : -

Temperature and Pressure Measurement Devices.
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Pigure 4

H

Orifice Plate Unit and Propane Burning
Torch,

Oorifice Plate with Pressure

Measurement
Flange Tabs.
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Fibure 7

Measurerent of Tank Waight,
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